Title 



Japanese Laid-Open No. 2000-340798 



Inventor (s) 



Published 



December 8, 2000 




Shunpei Yamazaki 
Concise Statement 

To provide an electro-optical device having high operation performance and reliability, 
and a manufacturing method thereof. 

A TFT structure which is strong agains hot carrier injection is realized by disposing a Lov 
region 207 in an n-channel TFT 302 which forms a driver circuit. Further, Loff regions 217 
to 220 and offset region are disposed in an n-channel TFT 304 which forms a pixel section, and 
a TFT structure of low OFF current value is realized. Further, by reducing the n-type impurity 
element contained in Loff regions 217 to 220 to approximately 1 x 10^^ to 5 x 10^^ atoms/cm^, 
further reduction of OFF current can be performed. 
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-2 2 ostX:^7-t-y h#.«*w«$n, is.:tymmm 

2 2 0 nS^M#l7t^* 1 X 1 0 16~ 5 X 1 

0 1 8a t oms/cm ST® <-t^Z.fV, 





mi. ^rzit±^Um n ^^UM T F T O^- h 

WKIKSlH^SrJ^^-r nf^-\'^;i/STFT©LDDM 
SfcK^g|5*^R n "^^^JVm TFT CO^r- h 

H(rfHilI^SR^?^fiS;-r -5il^TFT09LDD«««. Km 

«TFTwy- vmmt^'~ hmmm^ikAj-T:'m.u^r& 

MKiii^T F T«5"-\';^^;i^fife««Ra^'L DD^^OTffi 
3 ] fi*ii 1 sfcttff 2 ic43v>T, mtm. 

ftUi^^Jg^-r^ n5=-^^;i/MTF TroLDDffi«{C 
tt, tfrfH®«TFTCDLDD^mO^)SVi^gSTnS 

mm^^w^fSL-f^ n^^^)vmT f t w l d ^mmz 

tt, Hill5iii*TFTc7)LDDM^(Ctt'<T2~ 1 OfgCD 

mm^^mi^-r^ n^^^)mT f t« l d Dmmzit 

2X10 16- 5X10 19atoras/cm3(DigS®ffl-CnM^ 
M%7t^;^^'-&Sn, tfrlHiS^T F TCDL DDMt^JCtt 1 
Xl0l6~5xi0 18atoms/cin3(Z)ig^®HTnM^M 

[ff^3i6} m-ms.±\zmmi^Rzmm\E^^^tsm. 
- hmm^&m^-cmfs.^^vizmniz^tirzm \<Dn^ 

r^;i'MTFTi:^*-L, 

HfrfHil^gR^mT^iS^TFTOLDD^^tt. 
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tflE®^ T F T C05"-^ ^;UJl^^Ml^tN'L D D^^COPb^ 

- h*gfflyK*S5^Ta/=!:^i■5 (CJi^figSnfelS 1 O n 5^ 
^^;i/MTFTi, LDDffi^cD-gRA^^'-hiEMty 

- ^i^ie»M?rJ*^TIl73: (rjg^KS tifd^ 2<DnJ- 
\^))Mi:FTh^-^\^. 

HiIsEil«g|?^fl^fi^-r^iS«TFTC0LDDM^«, MiS 

^ T F T (Tif- v^m.t.f- v^m^w^hj-^mts. e. u 

SfrlEiS* T F T C05^^ :?i;i'je^KMl^I>'L D DM^COW 

1 (D n 5^ A' T F T © L D D^^t>V3?:tttfrfHIB 
2(On5^i':^;i'STFTCOLDDM«frtt, tfrlEa^T 
F T CD L D D 0 » V ^itSf n S^M#l7C**^^ 

9 ] «*JS 6 7 (r^sv^T. tfrSH^ 

1 On5^^^;i'STFT®LDDffi^I>VX«tirK|g 

2 Wn?=-^:i^;UMTFTcr)LDDm^(C«. tfTlES^T 
FT<7)LDDffi«(Cjt'<T2~ 1 0 ^WJIST n^^^M 

[fS^illO] !»*]16S&«ffiS^3S7(C^3V^T, Mffi 
^ 1 CD n 5^^ ^;i'ST F T (Cfl^fifeS n-5 L DDM««, 
K3g 1 Wng^A-^^UMTFT© HU-f 
Jgfitffi^tCDralt'Jgfi^Sn. AfrfE|g2CDn5^-^:^;UMT 
FTlCj^^rg^nSLDD^tt, i^^2«n5"^;i^;i'S 

T F TcD5^^ :^^;^B^ffi^S:g^^TJ^fi^$n•l. z.t.-^m 

[f»S<3S 1 1 ] 6 1U,XWM 7 (ci5l.iT. MKIg 

1 © n 9^ -^^ T F T 0 L D D^.i^t>VX«mriSII 

2ffln5^^^;UMTFT©LDD^.«(C«2 X 1 0 16~ 
5X10 19atoins/cni3«i!tfi®ffl-enS^M#l7t^*^*-& 
mFfE®^TFTroLDD^.^(C(il.X 1 0 16~5 
X 1 0l8atoiiis/cin3cDe^iigffl-CnM:^Mf!l7r«;i^-&S 

[tt^is 1 2 ] mim. 1 . If 2 , is^ii 6 sfc«fi 
[w^ii 1 3 ] mm 1 > m^m 2 . ff:*Ji e 
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lxiol5~ixiO 18atoms/cin3<D?g^igiaT?pS^ 
[ft 1 4 ] if 2 S 7t«lt^}<5S 7 (3i5ViT, ME 

[f»^ 1 5 ] If 2 * fc«f»3K« 7 fCiSV^T, MIE 

m>m 1 6 ] i n^m^m i s cDi^rn/O^-tc 
[ff^Ji 1 7 ] if^js 1 nrnm^m 1 6 wv^-rnd^-tc 

m^m 1 8] |wi-S«±('iiim§I5S:0®»j[Hl^^-g-tr 

2xi0l6~5xi0 19atoms/cm3coi!g^ieH-enS^ 
,M%7t^^&^t;««^}^fiS;-r*xS (A) t. 

1 X 1 0 20~ 1X10 21atonis/cm3K)ig^|iEHTnS^ 

M#i7t*&-&t?M«sji^^-rsis (B) 

3 X 1 O20~3 X 1 o21atoms/cin3roiga®HTpM^ 
M^^TT^^-^trm^J^fi^-r^xS (C) <t> 
tfrlHM^gRSr^^-rSlil^TFTCOSttSC 1 X 1 0 16 
~ 5 X 1 0 '8atoms/cm3c7)fiKffiHTnS^j5fi#l7C*^ 
^tfMtg&Jg^-r-SI^ (D) 

tfrasxs (D) a**#tf*e^TS^3nfcy-h 

m>mi 9] [si-S«±(ciiI^g|?2Scr>W@i^^-g-tf 

2X1016-5X10 l9atoms/cin3(7)iii^®fflT nS^ 
M%7C^?:■g■^^ffi®*Ji^^T'5Xg (A) 
HJiESES) HI ^ n 5^ ^ T F T cogttB tc 

1 X 1 0 20~ 1X10 21atonis/cm3(Z)i8S|g|aTnM^ 
,l5t#)7rS^^tfffl^5f^sSc-r-5XS (B) i, 
ftfrlHSgftHS^^J^fi^T-S p T F TCDSttB \Z 

3 X 1 O20~3 X 1 0 21atonis/cm3coSS®HTpS^ 
M^7t^Sr-g't?ffi«*fl^^i£T-5Xg (C) i:. 
HfrSHiiI*SR^JI?fiX-r^iii*TFTcoS1tB(c 1 x i o 16 
-5X10 18atoms/cm3©5g^®fflTnM/FM^^7C^^ 
-^trMtg^m-r^XS (D) <»:, ?:*b, 
tfrlEXS (D) {'±-=>Tna?FMf5ffiJ^ (c) S.?>^n 

(c) \zi^vrz:i-y±y hmmm]$.-^ti 

a^ooMJ?tt2 5~ 1 0 0 nm-:r$>^z.t^mmtT^ 



Cff5l^JS2 1] m^mi 9(r43ViT, tiffE5i-:7-k-;/ hffi 
[0 0 0 1] 

Me^a^Sg, EL (Xl/i^ hP;i/5:T^-;;-fe>X) 
[0 0 0 2] f^. *lIll^i!Sffi»tC*3ViT¥»1*SMt«, 
[0 0 0 3] 

[tBR«g«] lfe«^M^*t-§fflS±lCTFTTfl^fi^ 

a>TFT<i:iE-r) itm.mj}^i^m&-^m\^^:it^^^. 

[0 0 0 4] ^J^«, T^x^y-x'hU^XSm^^ 

^. CMOS[HlS^€:**iLfc->7 hl/v'X^, 
v7i5'. /N'>:/7r. -9->:/U>^^:^/j:i:©ili^g|?^feiJ 
P1--5;t&iOiga[5l^ (ilj22IK«jlH][^<i:^)li?«n«.) 

[0 0 0 5] ^(D^-o^m&isi^it^ti'ernzioi^xm 

:^-f ->5"^^<i:bTfi8J&g-rSill?gTFTiffi|>)®« 

SnXl^i^. ttftsT. S^$n.g>TFT(D!^tt«:t7^ 
^Sfffl (TFT;i^:t7g()<-^B#(c5i!n'5Fl/'f>«tflfflt) €r 

;^ lassie $TWJE^i«i6T*5<je^g}^i^*$.o/t, 
nmmt^-:h^Mli)^rztb\Z. :t>miMm (TFT;5?:t> 
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[0 0 0 6] 7i^U->'Jn>TFTCD:t7'a?Sfffi 
T F T tt:^ >«?iiEffi ® t V ^ fc^{tS^*«ii S 

CO 0 0 7] :f :7«Ji!ffiS:<£M-r^fcJ6CDTFT«^ijt 
ibX, <B;i!iSh'l/'r> (LDD :Lightly Doped Dr 
ain) 1ijt;^i^»?.nTVi-S, :L(Dmmt^y^)i^I&^ 

•5. 

[0 0 0 8] ^fz. TiKyh^^^jrmxizji^^^ymm: 

(Gate-drain Overlapped LDD ) ^nxVi 

cotdWSiTc&'So ^JxtS> Mutsuko Hatano, Haj ime 
Akimoto and Takeshi Sakai, IEDM97 TECHNICAL Dl 
GEST, P523-526, 1997 J Ttt, ->U n>T51^^KLfc-y-'l' K 

[0 0 0 9] ^tz. 7i7'T^Zf^h^)^7smm.^Wn^ 

m.(Dmmmz\t. ssc+d^ 6fc57T^@ro=s-ii^(cT f tts^ 

[0 0 10] <hZ:5/0^\ Cl(©ii>5^>-9-«:t7««!ffl^ 
[0 0 11] 

COT FT (MT. il^TFTiVi-S) ->7hl/v7. 
rJ'^/N'^^^T'i^it'CDIgililUJ^roTFT (iitT, |gil]TF 

TttTiUi, jH^TFTlC^BLiXia. hiEM 

{C;*:#;^a6A'rT7. (n9^r^;USTFTTSn«V'f 



:^:^) n.'s.fi^mw^n^t^. !iEa[iis&cDTFT«**&<] 

[0 0 12] ^tz. Qoi,'Dmmtmi)^zirynMm<D 

-<x:i-ymMm^±^<fs.^x\^'^'iT^mw^^rz, m 
■z>x. mi,zmmTFTizt-oxi,Mi^Limm.tiitm^ 
fjii^-::>rz, mizm^cDLDDmmt^ymmm^m^^ 

[0 0 13] ;i(7)J:-5lc> Ti^T-^y-ThUi^xM^gB^ 
^T<0TFT^[Rli;«itX?l^^T-5Cli:«if^ 

[0 0 14] 5 etc, ^miz^LTzJ^oizmmmz^ 
msim^^m^^rzw^^t ^ L.Ti-:Ji-7i^*sr?a« u 
i^otr^t. mnm (—mm<D-mmizni^xmm^^ 

Tz. m\z. zrup:^.^ ^-mm^mm.\zm^^^n^^o 
wm(DM^mn:^)vx'\t. -m^tz d ©i®^M^^)/jN 

[0 0 15] :^mMI'tZ.(DJ:.^f3iW^m^MWr^fzlsb(D 

&.mx&D. n^^mm(DmmM^^mmmzmm-^ 
nsTFT©4fjg^. ^cDm.mz!t^uxmm£h(Dfr 

[0 0 16] -^tz. #CDg6<]iLTiii^SI5$:WT-5«^ 

^^mm.\zii^^x. mm\zmii^rL^u.mm-m<Dwm^ 

[0 0 17] 

n ^;PM T F T CO L D D«i??fi, 

hjX'mti^^o\zw^sSL-&ti. mmmm^r^fSi.-r^mm 

TFTOLDD^^ti. WMMT Y T (D^— VWMii^' 

-hmmm^^h,xmti.^m^^o\zM}SLtn. mm 
mr F T <D^^^)Wi>fi^w$^ui,DYimmDmz\t.-t 
y±y hmmmiiSL-^nx^^^z.t^mmt-r^, 
[0 0 18] ±fE^^^ici3^iT. mnimW]m^>&Mi^L-r 

^n5^-\'^;VSTFTCDLDDM^(Ctt, ffrSSS^TF 
T L D D«i^i 0 fei^ Vi^Sax n S^MfjTt^iit-^ S 
tl^Ztf)W^Lh\ ^i^&^iZl/t. HifffiS^TFTroL 
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OLDD^^CitS 2 X 1 0 16~5 X 1 0 19atoms/cm3© 
LDDM^(C« 1X1016~5x10 ISatoms/cm^cDjg 
CO 0 1 9] ^fc, ^— &iS±{'iii 

mmwzit, L D Dffii^(D±af!:^^er- h^mty- hie 

LDDmmt. mmmTFT<D^'-hsimt^'-hmm. 
m^i^/u-vrntiibfiv^^oizEis-^ti. mimMTFT 

(D^^^)Vmi$MmcZJ^LDDmi$.<DrB^iZl,t:ty±y h 

[0 0 2 0] ±iimi$.iZiD\^^X, mti-mi(Dn^y^)i^ 
F TCO L D DMi^ZSyXlitmiW, 2 CO n ^^'^JV 
mTFT(DLDDMmzl,t. bIbSMMT F T<DLDD^ 

^j^ofeffiv^ms (fl:<$:6<]{c«2~ 1 0^) xnm^m. 

[0 0 2 1] Sfc. WiSIBlC0n9^^:?^;UMTFT{::5g 

\^\^'iymm.ii^^^)\^!^w$.h<Dm\zm^-^n. m 

f 2|g 2 CD n r ^ T F T iC}^^ ^ n -g. L D D ffi^ 
W.W,2<DnJ-^:^)VmTFTCD^\:^)Vmj$M$L^ 

[0 0 2 2] Sfc. *iB%BJ<D«^S:*II^T^fcS!)05<-^ 

^^^tin.myt'^mm.<n^m.yim\zis\>^x. mtmm^ 

i^^}^fife-r^n5^V^;i/MTFTOT?gttB(;2 X 1 0 16 
~5 X 1 0 19atoms/cin3co-SSffifflTnM^M^7t^2: 
^t;ffiti?^}g^-rsxs (A) i, tfrffiigl^jlilJ^^^fit 
-r-5n9^^^;UMTFTro?§14»(C 1 x 1 0 20~ i x 1 
0 2 1 a t ms,hm^<Dmmmx n M^M#)7t^ ?:-^tf^« 
^mm-^T.m (B) mrKffi9)[5Ii^^m-r'g)p5" 
■^^;1/MTFTC73S14B{C 3 X 1 0 20~ 3 x i o21atom 
s/cin3©5g^^fflT p M^MtlTt* ^■B-tf^.^^rfl^fig-r 
^Ig (C) H^ffilI«gR*JgfigTSi®^TFT(DS 
ttMl:: 1X1016~5X10 18atoms/cni3(0^iSiEHT 

nm:^mm7tm^^tsmm.^m^-t^x.m (d) ^ 

^U. MHIS (D) a»^^?^*ga«T®t3nfc 

[0 0 2 3] dCO^gfiKtlfcl/^T. (A) ~ (D) 

JllU^iLTfe, »MWt-3g)S$nSTFTCD^S<];^CtS 
[0 0 2 4] 



[^m<DmM<Dmm'] :^^m(DmM<DmmAz-^^^r, 
[0 0 2 5] i'i^^m(DnMm\z'D\,^xm I 

l2l4^^v>TIKBJ-r^. eiCTti, |si-«s±lciii^gR 

t" -5 n 5=-^ ^;i/ST F T i: ^rmS^T-S d t trs. 
[ 0 0 2 6 ] El 1 (A) d^SViT, 1 0 1 iZ\i. 5 

mmxit^^m&^m^^^. ^(Dmz%^mm&^r:iit 

7.^>U^ms.<nM-miz^^Bm'S:ms^Ltz'h<D^&W.t 

i.xhA^\ :$^mMm<Dm^. s o ot:ii(.±cD^aa{cw 
mm^^^M-^n^(Dx\ ^ti^mrz.-r^x'$> 
tmii<D^ori&^^m^^xhmt>f£\^\ 

[0 0 2 7] ^LT, ^ 1 0 icOTFTiO^'J^^^n^ 
mMat. 2 0~1 0 0 nm ($f^b<«4 0~8 0 n 
m) cDl?S©?^^K«ig&-^t;¥»#:M 1 0 2 ^MJE^ 

[0 0 2 8] mtc. #B^BH«i£$-^tr¥##;MiLT 

'^mtfi*), f^S $ n^S T F T CD4ttt A' 5 ^74^ S:®M3 
ii^Z.ti)^X^^. 

[0 0 2 9] 'A\z. ^B^«v';3>Mi 0 2±izmm 

/t^-->i^tCJ;oTr^PS|5l 0 4a, 1 0 4h=S:M 
(0 1 (A) ) 

[0 0 3 0] tsiio. mm^^tsfmmtbxit. ^ft-> 

CM^SHff^CDfiT-^tr,^^^^-^^,^, SiOxNy-r 
S$n5l&aKT*-g.. ^{t:M{l:->Un>M«S iH 
4. N205:O'NH3<&JHS|.:^-7.<i:LTl''^S-r^Cli;^^nJ 
tlTfeD. '^^■r^^mmS.il^2 5atomic!«iJ(.±5 Oato 
iiiicX7fejS<h-r^<!:^Vi. 

[0 0 3 1] Sfc, CravXi^^l 0 3CD/t^'-->y 
^ff^tl^Btl;, f^cr)/t^'-->/^X^C0a2pi;^E§T 
-A-/'?^'->$:?i^fiS;bT*3<o VXi^Ml 0 3 ^X-y 



(6) 



iRfP?i¥l2-340798 



[0 0 3 2] mf'MW- 10-247735 

(*l!aj|^#^0 9/0 3 4, 0 4 1lC^JtO (rSE«$ 

[0 0 3 3] ^»mz\t. *B%K«ig^#tJ¥#<*;McD 
^^7- 1 3 0 6 5 2^:2;:r^<D|?»J 1 (ctHttSnfcfefe 

[0 0 3 4] ti^. lRli^iST'(SM^7C«^^trll€r-7X 

[0 0 3 5] Sfc. #ftM->Ua>Mtt#W7K^a(Cfe 
i^Pi^'. 5?SL<«4 0 0~5 5 OrTlBtrBlS^WjP 

[0 0 3 6] gelYtX^tS, ST4 0 0~5 0 Ot:Tl 

tz^k. 500~650T: (0 SU<«5 5 0~6 0 0 
"C) -t?6~16B#^1 OfSb<tt8~ 1 4^ra) 

[O O 3 7] *^M^iJT«. Mj«7tlgiLT:^-y^;i'* 
fflV\ 5 7 Or-ei 4B#rBl®j^Ma^fT'5. -^-OS:^, 
giagi? 1 0 4a. 10 Ah^mAiz LTWa^SiVfrTS 

^jTtt^as -> u 3 >M) 1 0 5a~ 1 0 smr^i$,-^in 

•5. (0 1 (B) ) 
[0 0 3 8] ^{C. Ma<t«XS-t?fflVi7i--y';r;i.$rM 
-> U n >^d^ e. I^ST •5 ^' ^ U > i/XS €rfir 5 o 
*ll»mi. ^ttat*f^^L.;^c:VXi7M 1 0 3^^OT* 

T«U» ^mj]D-rsXg?:lTVi. PJPgf!l0 4, 1 

0 4bT^ttib;ti^SS->U3>M{C 1 X 1 0 I9~ 1 X 

1 o20atonis/cm3«)gffi-eU>$r-g-ti"U>i^»PM^ (£1, 
T, y-y^"J>i7'^^i:li5) 10 6a, 1 0 6b$rjg^ 
-r-5. mi (C) ) 

[0 0 3 9] ;i>i(3, ^m^ffl^4>T4 5 0~6 5 O'C 



(ifSKtiS 0 0~5 5 or) . 4~2 4B#rBl (JfS 
L<«6~12B#ffl) CO^MaXS^ff 5o dW^Ma 
XS J: 0 Mb^K -> U >K4' >y 'rMt'^m 
\ZUW}L. U >cD^r-y^'U y^{m\Z^-oX^'y ^ *J > 

^mm. 1 0 6a. 1 0 6b('M®$tis. ip^. m^m.y 

Ua>M4'd^6::i>y^;i';^?l^^$n^fc4e), y-y^"J > 
:yf*cD;gB^M->'j3>M 1 0 7a~ 1 0 7A\Z^^n^~ 
y'!r)VmS.'it. 1 X 1 0 l^atms/cmSo^T. »^L<«1 
X 1 0^htms/mhz^XiSM.-t^Z.t-i(]^-r:^^. 
[0 0 4 0] ^(C. -TT-i^Ml 0 3^|^Sb, M^Kv- 
U 3 >M 1 0 7a~ 1 0 7d±(ct*«^tttimSPB#ra^c* 
ir-KSM 1 0 8 SrmT -KSK 108(1100-2 
OOnm «fSL<«l 3 0~1 7 Onm) 05JP$«S 

^m<t -> 'J 3 sfc -> u a >j» ^ffl V ^ § i ^ 

V^. ^CD^aiK 1 0 8 «:^MtimjPB#(C^B^BK->U 13 > 

;^c5gS$iJlii nlt^ fcT fee* 0^**5$, ^ , 
[0 0 4 1] ^LT. ^C0±(Cl/$^7, hVXi^ 10 95: 

M#)yt^<hLT(i. {"^mzitmm^oD 1 3miizm-f=s> 
7tm. mmmz\t^^ay^rzii-i:^u^A^m^^^z.tti 
-e^^. ciroxs (?^-\'^;i'F-7'xs<i:Vi5) «tf 

T(Z)L^Viffi«JESrfiJ|i|lT-5fc«)C5XgTa5S, TjCiJ. 

z.z.X'iiti^t^y> (B2H6) 5Hft:^SiL.;^ViT7'^X 
^l)EL-/r-1':^>-F-7'&TjKD>^m:flPrSo ^ii. 
Kft^^fr^ 1" :^>'r ^T'^ ^-T— ->3 >&5:^ViT 

[0 0 4 2] Cl«XS{c:J:D 1 X 1 0 15~ 1 X 1 0 18at 
oms/cm^ (-ftgWfCtiS X l 0 I6~5 x 1 0 l^atoms/c 
m3) ffljgaTp^:^M%7t:^ (*I^»iJT«jKd » * 
-^tS^nm^Ml 1 Oa, 11 Ob€:®fiX-r«.. 75:^3. * 

tiffin (fib. U>tt-&SnTVi?5:i^M«) ^pS^M 
(b) iSmr^. (0 1 (D) ) 
[0 0 4 3] ^C. I/v'T. h-VXr:7 1 0 9 Srl^^b. ^ 

T. SttSiVi-S) 1 1 1~1 14^MI$.T^. f,m. 

®ttsi 1 1-1 14 lit. -y^jv^m^&^izmuvx 

«oMb^ At. o Ta]iA.;^c:ISB^«jt 

>^f^ffitJ;D^SX«{SMLT*i9. S14B1 1 1~ 
1 4 4>(I^??-r^Mi«7t:^«)@^«. 1X10 17atms/c 
m3lJAT, if^L<(il X 1 0 16atiiis/cm3T$.-g., (El 
(E) ) 

[0 0 4 4] ^fc. p5^-\':?^;i'STFT«SttJl 1 1 1 
D, n5=-^^;i/®TFT«ffittBl 1 2~1 1 4«pS 



(7) 
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^Mtl^.^ (b) tfioTli-S. ^BJfflScfT?^, Z.(D 

t^scostts 111-11 A\t±xM'\^'^fz\tmm.mz 

[0 0 4 5] ■fyX-^CWTi1k^tz\t7.;\y^1k 
1 0~ 1 0 0 nmffoa^^-B-tJ>Ma^€:}^fiS;1" 
«i„ *||»md;, 3 0 nm0<Z)S-ft:^'ft:>''Jn>^$r 

[0 0 4 6] ^A\Z. 800~1 150t: (Sf^L<«9 
0 0~1 0 0 ox,) (DMM.'Xl 5^~8B#Pp1 (^SL< 
«3 0^i—2B#m) 0^mSXS2:> m^ttt^ffl^TT 

«%(?3lg{t7K^*1^PLfcl?ffl^'t't?9 5 O-CS 0:5J-cr) 

i^MSxs*^T'5o fs.^. Ml (D) ©xST^n^n 

(A) ) 

[0 0 4 7] itfttt^ffl^iLTts, \^^^mm 

-Brfc^HM. i: b fc^s. 1 0 0 %^^#ffl^-T?tT -DXhm 

[0 0 4 8] :i«f^YtXS«W, a^^^^to^feiS^i 
-E-«>T®Sttli 1 1 1 ~ 1 1 4 iro^MC^JViTfe^Yt: 

}g^!fe$n«.y- hiieiuK 1 1 5 (Dmrnt^s o ~ 2 o oim 

(0SL<«1 0 0~1 5 Onm) J:-5 ('ilffl-T 

•So ifmMm<DmMtT.mx\t.. e 0 nmffWgttBro 
5-^2 5 niTD^^mftSnTSttJl 1 1 1~ 1 1 4©Mi? 
a4 5 nmtfi^. ^Tz, 3 0 nmJ?roa**^tf*6a^ 

i^i^r- hiiieitlK 1 1 5«Mi?«l 1 Onmi^^cC^. 
[0 0 4 9] AlZ. mtzlZUz^T. NVT,^ 116-11 

T, nS^Mtl7t:*i:V^5) ^mSDUTn^^M-T^^ 
1 2 0- 1 2 2 ^rJi^Sfc-r-S, :^i43. nM^M#l 

mmmzwjy^rzit(itm^m^^^z.tAi-c^^. 

(02 (B) ) 

[0 0 5 0] :i(Dyf^m.^M 1 2 0 - 1 2 2 m\ZC 
MOS[Hl[^*3j;?>'-y->7'U >i^M^(Dn^r^)VmTF 

ffi^TS)^. ;^i:43, z.z.xMi$.-^nrz^!iaL^m.mzi,tn 

m-^m.^7iM-^^2 X 1 0 16~ 5 X 1 0 l9atoins/cm3 (f^ 
SMfcttS X 1 0 •7-5 X 1 0 18atonis/cm3) <DmS.X' 

%7t*^#?^?FiM#lM®^nS^Mtl^« (b) tS» 



[0 0 5 1] f£ii. Z.ZLXI,ty:t7.y^> (PH3) 

>Sr 1X10 18atoms/cm3cDi!gATm?)nT-5. ^ai, M 
S^^^fr^-f >7'^ >T— i>3 >l*$fflV^T=fo 

[0 0 5 2] 6 0 0- 1 0 0 Ot: (J?SL<tt7 

0 0-8 0 or) K)?FStt#ffl^4'-t?SlMS5:fi=Vi, 12 
2 (B) «X@T^D$nfc'J >*ffittfl:T^o 

mxits 0 or iB#FB^<?3^Ma^s*5iEB^'4'T?^T-5. 

(02 (C) ) 

[0 0 5 3] dOTBt, |5]B#(r'J>rom»nB#{Cji{aUfeS. 

[0 0 5 4] ClOXSCiD nS^^M^lffi^ (b) 12 
0 - 1 2 2 co:^#g|5, BP-fe. nM^MtlM^ (b) co^ 

?FM%«« (b) t)-&tr) t<ni&-^mmmiztj:^, d 

m.^t^^'^Jvm^&MtAm'M^zM^'f£ii^^^^B^^^ 

[0 0 5 5] :k\z, y- hmmtysi^mwm^^i^ir 

75W^b^i. 2fs:j|»jT-«, :S1#«J»1 2 3i:^2# 

mmi2 4tx'r£^mmm'S:mf^Lr^. (02(D)) 
[0 0 5 6] z-z-x-m 1 mmm 123. ^ 2mmm 1 2 

4tVX\t. ^>^)U (Ta) . (Ti) . 

•f^y (Mo) . ^'>yxT-> (w) . i7DA (c 

r) , >-Ua> (Si) A^eS^tlfc^^, SitttmrfH 

M, Mo-Ta-g-^M, ^^'i^J^T^^v'U+^'f Fl»#) 

[0 0 5 7] ;^=£43, mimmmi 23ttl0-50nm 
(^SL<«2 0-3 0 nm) tL. :|g2»«Ml2 4 
«2 0 0~4 0 0 nm (0^ L < tt 2 5 0 - 3 5 0 n 

m) <hi-m^^v^o *5gm^?ij-e(i, mimmmi 23t 

LT. 5 0 nmP«^-ft^'>^yXT-> (WN) M^. % 
2S«Ml2 4iLT, 3 5 0 nmJ?c7)^'>i^X^>a 
SrfflVi^. fS.^^ m^\^fS\^if'. |gl#IIMl2 3C0± 
t)b<«TlC->Un>M^2-2 0 nmSS«J?$TJg 

[0 0 5 8] ^ fc, |g 1 m-mm. l 2 3 i L.Tgit:^' 

;uM. ^2m.mmt.\^x^y'^)vm.^w^^^^z.h%m)\ 




[0 0 5 9] 'Aiz. mimmmi 2 3iim2mm.mi 2 

4 tS— }gTX->5^>i/UT4 0 0 nmiPW^r- hMlB 
1 2 5~ 1 2 8 ^fl^fiXT-g). C:<Z)B#. ffga(lII^<Dn5=-\' 
;ii;USTFTCoy-hE^l 2 6. 1 2 7«nM^M#) 
(b) 120-122 hfimm 1 1 5 

iZLoyM^tfi^, t£i5. f- VWM 1 2 8a, 1 2 8b 

W?^'->/6-'6J^fiS:$nTVi:So (0 2 (E) ) 
[0 0 6 0] A\Z. VV'T. V-^T.^ 129 ^M^iy, D 

(C7KD>$r^tJ^Mtl««l 3 0. 13 1 
:^mMm-C\ti^^y > (B2H6) ?:^V^fc'f:t>K-y 

iiQ 3 X 1 O20~3 X 1 o21atoms/cin3 (^^W(c«5 
X 1 020~ 1 X 1 o21atoms/cm3) i!iST#n >$:mUP 

7r^S:^tJ^Mi!l««^P^^M%«« (a) t^mt 
(1213 (A) ) 

[0 0 6 1]AiZ. 1 2 9€:fltSL, y 

Ui^X hVXi7 1 3 2-1 3 4 ^Mr^. ^UT, n 

U >?r-^tr^Mi^'^« 13 5-141 ^i^fifcTS. 

Tfe, -7^7.y^y (PH3) ^ffiV^fc-l':t>K-7'ft 

Vi, ;iC0M«O'J >cr)^g*« 1 X 1 0 20- 1 X 1 0 21at 
oms/cmS (-f-^W(ctt2 x 1 0 20~ 5 x l o21atoins/c 
m3) chT^, (0 3 (B) ) 

[0 0 6 2] tS-^. *0Jlffl«cf-f«±IHSaffifflTna 
^M#l7C^€r^tr^M#5M«^£na^M#5«^ (a) .h 

ssT-2>. ^7t. ^M^ti^^i 3 5~ 1 4 \ imi^-^n 
fz%mz \tmz^TM.xwm $ n/t u > ^ fct^ p >*^* 

13 5-14 l«nM^M«!)^« (a) iHV^t^^Tfe 

[0 0 6 3] A\Z.. l/vT. 1 3 2 - 1 3 4^1^ 

S^^#tf|gffl^-eft:^^^-y^l 4 2*J^fife 
•r^o ]^P«2 5-1 0 0 nm (»SL'<«3 0-5 0 
nm) i-rn^e:^^. *||Jfi«sj-e«2 5 nmJP<DS-fl:^ 
^M^^v^-Svlti-rs. =^^i'<;/7'Ml 4 2ttf*OTStt 

O^^-g-A^'^^tf ^ODTjf S L < « 1 0 0 nmiJi.Ti:T 
[0 0 6 4] y-hlESai 2 5-1 2 8^TXi7 
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» ^mjD-r^o c:-5 L.T}i^fi!c$n;t^M#l«4^1 4 3 
-1 4 6['(SSfrfEnM^,Mf!lM® (b) CO 1/2-1/ 

10 (f-^e<]{c(ii/3- 1/4) (fiu, Mai 
CD 5^ A' ^ ; p H - :/xs Ti^a $ Ji^ o >-5gs <t 13 5 

- 1 OfgKV^iiS. •ft^WlClJ 1 X 1 0 16- 5 X 1 0 18 
atoms/cmS. ;ftM6<]('«3 X l 0 17~3 x 1 0 18atoffls/c 

Mit (fiU, ^m^mmW^ (a) ^1^0 *nM^M 

(c) t^mr^. cms (o > 

[0 0 6 5] ;iCOlSTiil 0 5 nmroJKProiei^ 

y-mi4 2 iiY- vmmm 1 1 5 ii<Dmmm) 

4a. 1 3 4bCD#MlCji^^Snit=^^l'-y:/Mfe-=<'Xi7i 
bTlttgt--5o iP-fe. ^-r-y^i 4 2<73^(cffi^-^ 

:ty^yhmM.t\t.. ^^^)vmiiLmmzmi.xm 
y-h«jE*^mp$n?^=Ev^/tsi)seB (5^-v^;i/M 
\f^tzi!f>izitLDDmm.t'^'—h^M(Dmt£'0'^mtim 

[0 0 6 6] ;^*3. *|IM#i|cOJ;-5(C. 5^^^;W^^!^M 
lX10l5~ixi0 ISatoms/cmScoiiggTpM 

IsI'MST pM^M#!)7t*;^^*-$-sn.5, 
[0 0 6 7] ^(D:ty±y hM^«S$«, lll^lr^'- 

^^iz^m.^^mm-^n^^^) (cj^oti^^s*?. l 

e-rn«. *S^BJcoJ:^(3nS:^M#l^« (c) 

[0 0 6 8] ;^*5. CCDlST«'ir-'-hEiST^$n/c: 
gR:5)-S:I^V>T^TCD?FM#l«W{Ct) 1 X 1 0 '6- 5 X 1 
0 18atoms/cm3«M^T'J >/i?1^P$nTV^?):^^*. ^« 

fi^K ^fz. nM^m^M^ (b) 1 4 3-1 4 6 C« 
KC5^-^^;H-*— T^^T 1 X 1 0 15- 1 X 1 0 ISatom 

«pM^M#)M« (b) {C#^n-5;Kn>C05~ 1 Ofg 

(b) (D*Sitg(c«^#S^^;^j:V^i5^^T 

[0 0 6 9] fiL. MS{C«nS:=FM#)ffi« (b) 1 4 
7 . 1 4 8 W -5 ^ ir- hiH^ {cB;/^: o /tg|5:^^« 'J /iSS 
^5 2 X 1 0 16—5 X 1 0 19atoms/cin3cD*STS^«(C 
*fU, y-hgEi^lca;^b;^J:I^^S[5:5>«^nt:i X 1 0 16 
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~5 X 1 0 ISatoms/cin^oJgScoU >-^mt:)-oX^Ki . 

[0 0 7 0] 'A\z, mimm^mmi 4 o^ji^^-r-g.. 
m 1 mmK&mm 1 4 9 1 IxT«, mm^^tsmmm. * 

t^^v^o mm\t 1 0 0 ~ 4 0 0 nmi:-rn«^ 

20, NH3*lISS}.:^7,<i:L. 2 0 0 nm/P«Sft^^t:-> 
U3>K «i.L-^*«S;?>^*2 5~5 OatomicX) tr^V^ 
-5. 

CO 0 7 1] ^(D'^k. ^n^n(Dm&T'mm-^nrc nm 

^©14118^4' tC^JV^T 5 0 0~8 0 Ot:, $f^b<tt 
5 5 0~6 0 0t:-efT^«Sl/i, 2|s:|^M^JTtt6 0 0 

4B#pBi(Df^^!ia$ffi.i, ^MtiTc^^sttfk-rs, 

(SI3 (D) ) 

[0 0 7 2] U^. *|^Sfi^JT«^<t:->Un>Ml 4 2 
tmim<t -> U U >K 1 4 9 i SrmJl b fctt^-ry- h 

■> U zi >M L-T V i -& /t J* , -> U 3 >m O k° > 

[0 0 7 3] ffitt-ft:iS(^f*, s ~ i o o %<D7i<. 
m^^t^^^mM.'Px, 3 0 0~4 5 0T:T1~4B#WW 

(cHiie^ n^cTk^ (Cck 0 co ^ > ^ >J > i^4<> K 

X-77m<t ( ^ X-7 (C i; 0 as $ nfc7KS ^ ffl V ^ -2) ) 

[0 0 7 4] gtt<t:i@$:i^x.fc6. ^ 1 

4 9 COitC 5 O O nm~ 1 . 5 mm(D^2mmfi&mm 

1 5 0 ^)^fi^-r^o ^mMmx'iitm2mmmi»m 1 5 0 

iLTS 0 0 nmPwm-ftv-Ua^M^y^XvCVD 

-> 'J :3 >M) i49tm2 smumm (m<t>^ u 3 > 
M) 1 5 0 t(Dmmmxr£^ 1 Afflijpw^r^iM^srji^ 

[0 0 7 5] m©XSTW^tt;^^*§^-l±«. |g 2 g 

P^ISeSyK 1 5 0 i: LT, ^U-fSH, 7i^U;k #U7 

5 K, Tt^U-r 5 KTS K, BCB <^>V->^d7't- 



[0 0 7 6] ^ro^. ^n^*tl«TFT»V-XM«S 

n, v-xBE,^ 1 5 1 ~ 1 5 4 F iz-r y^m i 5 5 

~15 7$J^^-rSo 7S:43> CMOSlH]5S^}^fiS;-r^/c 

:iF-)VmTFTt(Dr^X^km<t-$tLX\^^?}. ^Tz, m^iy 
Tl-i/j:V5A^\ *IIM#mS^l«iEiSI^. TiM*2 0 0 
nm, T i $#tJ'7;i^5-'^AM5 0 0 nm, Ti^l 

0 0 nm^7.Ay^mxmm\^xMi^Li'rz3mmT&o:)m 
Lxmsimt^^t^^yMimt^mmLX'hS.v^, (m 

4 (A) ) 

[0 0 7 7] ^fC, A-y->'^-->3>Ml 5 SiLT, 
^ri:->Un>j[K. mft->'J3>M, Sfc«^{tMfl:->U 
3>MT5 0-5 0 0 nm (f-^Wfr^ 2 0 0 ~ 3 0 0 

nm) (Dm-^xmiii-r^o z.(Dm. :$-mMmxi-m<D]f^ 
^mzm'iim^7Km<fr^ z. tt^x^^. 

[0 0 7 8] ^Tz. /t-y v^-->3 >ffi 1 5 8 
tzmiZ. ■^>biZ7m^tTM^'^f^X%$:^\ «JiJX.«, 3 

^ I 0 0 %(D7i<.m^^timmm.^x. 3oo~45ot: 
•^7Km<tm^m^^x%mm(D<U]Miimt>n^. fji^. tk 

->3>JK1 5 8lrBSPg(5 (HS^-^-f) $rJ^fi^LT43ViT 
[0 0 7 9] ^■tg^^5g*^a:^J:SIS3Bmig^ 

1 5 9$ii^ 1 m(Dm^ iz]&fSi.t^. mmm'itLx 

5 h\ BCB ('<>y->i7py5^» m^&Mr^zt 

A^mmxh^j^^. itmnmm&v^(Dx. m^mm^is. 
MT-^s.#.. w-iBmzmn?>j^f3iE-^^±^fiti^o ;^43 
±mLrz&.n(D^mmmm^^mMio^t^^t£ii^m 

[0 0 8 0] mm^tt£^m.mzis^^x. msm 
mimm 1 5 gitrffij^iK 1 e 0 ^rs^^i^-r^. ^^5. * 

■55:m^ffli'^^o KKMi 6 o«t;u5:='7a (a 

I) , 5"^> (Ti) , ^>^';U (Ta) ;0^6.a«n75: 



1 0 0~3 0 0 nm«J?$(cJi^fiS;-r^. *IIJfi^sjT«w 
l%(D^i'>^^m-^'^rz7)VS.-^l,m^ 125 nmW 

CO 0 8 1] f3:is, msmmmmmi 5 9±izmiti^o 

[0 0 8 2] ^fc, z:(D5^:$'>;^#;ii-^-a:fc7;i'5:r'i7 

[0 0 8 3] mmmi e oco«Mi::l^ffi^{tSS 
20~100nm ($fSL<«3 0~5 0 nm) CDP$ 

(DM^tm 1 6 1 s:®^!&-r§= ^mw.m-c\t]mm i e o 
mm^m i e i tLxmt7)is.-'yi.m (7)vs.i- 
[0 0 8 4] z.(Dm^<mmizm:Lx, ^-nr^izT 
^^f^rso cin«i 5%(7)S5K7>^:-':7A7m 

Jgirgb, jgS^i 6 O^KMibT, (^mA~ 
[0 0 8 5] ^^Stt'c^l^Mtl^ffitW^IWttJE^^ffii^ 

<m<Di$.mzmmm^^\zm<tr^ti^, sm^ros* 

1 0 0 V/m i nco#ffil/— h-r«JE*±#$-t±T, ©J 

a«jE 4 5 V cji L i ;i 5 T^sm^tma ^MT $ -a- 

■5. dWioCL-Tffi^l 6 OCOSM(C«J¥$I^5 0 
n mrolSffitrkf!! 1 6 1 ^J^fi^-T^ <i:;^^'T#§. ^ 
fc. 1 6 O0OM)Ptt9 0 nmii^cS. 

c:ix^vtzmmm<m\zmiD^^mit~mz-r 
^-r. f^m-r^m^(D±^^mz^r3T^f^m.mimm 

[0 0 8 6] Sfc. c:c:T«IS«ft«^fflViTjEMK 

miz^^xmi$.bxhB,\'\ 't(Dm-^hmm\t2 o-^i 

OOnm (5f SLx<(J 3 0~5 0 nm) i-r-g):ii;OW 
^fl:->U3>M, DLC (Diamond like carbon ) 



[0 0 8 7] %3mmmm^i 5 9, /vy->^- 
v-3 >^ 1 5 8 \z Ku-r >i2i^ 1 5 7 (ca-r^3>i57^ 

mmnmi & 2,\mm-^%^\(Dmm(Dmmmm.x&^. 
mmmm 1 6 2 . 1 e 3 ^m.m.B>m.^mm.t-r^ 
Wi-^\z\tmmmm.^m\'^. s«aro>g^*s^sgt-r 

assise i:-r^;tfe(c, ^rt-r>-::^'i7Ai^fb;;^xi 

(D{t-&#3 ( I TOtmtti^) 1 1 0 nm®P$(c 

[0 0 8 8] ^fz. z.(Dm. mmmmi e 2<hffii^i 

6 0 ttmm^im 1 6 1 *^hLTfi;^cD. •Ki^^M 

jJl^ 1 6 0 ^yu-j-^ yifixm (W^WfcMfi 

ilLxm^n^mm.m^<D'pmm&) {ctasLT*5<c: 

[0 0 8 9] ::^bTi5i-»s±{c, mwim^tmm^^ 
t^mLfz7^^^:/-^hVi^:^m^-f}^^!$.Lrz. ti 
^\ El 4 (B) (r:fev:>T«. mW]\Bi^^z^t9^^'^)m 

TFT3 0 1« n5^-\':i^;i/STFT 3 0 2. 3 0 3 

^■^ti, mm§^\zitn^^^)vmTFTxf£^mmTF 

T3 0 4;^^*fl^^iS;Sn-5, 
CO 0 9 0] mW)\Bi^(Do^r^)\^MTFT 3 0 HZ 
5^-\':^;H^^KM^2 0 1, 'J—xmm2 0 2. 
-f >M^2 0 S^J^'-en^'npS^MtlW^ (a) TJgfife 
$n^. {Six. MS{C(SV-X2 0 2M^Z>'F^-1'> 
0.^2 0 3iri X 1 0 16~5 X 1 0 18atoms/cm3©^gS 

[0 0 9 1] n5=-^^;i'MTFT 3 0 2 fc«. 5=- 

^ 2 0 4, 'j—xmm. 205, h iz-r 

«2 0 6. tLx^^^)mis.mm.ii\^U'<ym.m.t(D 

•5. ;^=£*3, ov(ioverlap«^-i*Tf^L;t. ) 2 <:> 1 im 
fiXSn-S. ^:«B#. Lov^«2 0 7«2 X 1 0 16~5 X 
1 0 19atoms/cm3co5SS'CU >^-g-*, y— hE 

[0 0 9 2] 114 (B) X\%X^^tz\-imm,'rf 

^w,^tfz^\z'j-\^'imi$Mm.2^ ^<n)km<r)^ (F 
^)miii^m.2 0 4S:j*^TPiffltrESbT^)S^i„ 

[0 0 9 3] S7t, n^^r^^l-STFT 3 0 3 5^ 
^ ^)Vmi^W$, 2 0 8, V-X«l^ 2 0 9. K l^-f >^ 

«2 1 0. ^bT5^■r^;^}^^£M«*l*^^J;o(cLTL 
DD««2 11.21 2*^Jl^^i^^n-s. gp-fc,. 
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[0 0 9 4] C:<7)«jfiTfiLDDM^2 1 1. 2 

(Lov^^) t^'-hmimtii=3f3i^^m.i^ (*w» 

offset rol:i*T#Ufc:<. ) tm^^tlX^^^. 

[0 0 9 5] ;i;i-ei§l6(c^-r»f®si«0 4 (b) ir^ 

Lfcn5=-\'^;i/MTFT3 0 3^133 (C) COISST 

LDDM^2 1 1 e)(CLovMtg2 1 la. Loff^^ 
2 1 IbirKgiJ-r^So Sfc, tflKE(Z)Lov«t^2 1 laC 
«2 X 1 0 16~ 5X10 19atoms/cin3«^ggt?U >/5»^-& 
Loff^«2 1 lb«^roi~2^ (^^W(' 

«i. 2-1. 5^) <Dmm.TvyA^^^ti^. 

[0 0 9 6] ^fz. il*TFT3 0 4(C«, ^^^Jl^ 
^m.m2l3. 2 14, 'J-::^mm2 1 5. KW>« 
^2 1 6> Loffffii^2 1 7-2 2 0, Loff^tg2 1 

8,2 1 9 izmLfcnm^m.'^mm. (a) 22 i/&^m 
sn-s. cicop#, 1 5, hi/'T >ffi^2 1 

6«-?-n^*nnS:^;Mtl^,l^ (a) ■T?J^fig:$n, Iflff 
M®2 1 7~2 2 0«nM?FM^MJ^ (c) T5^^K$n 

[0 0 9 7] *|^»JT«. ilimS|5*5J;Z>'Sgi))lllJ^yO^S 

it\Bl^ti:mzjlBCXLDDm^(Dmm^^f3i<b'it. Iflv 
m^Sfc«LoffM®&fi£V^:Ji'tt-5Z:<i:(Cj;-3T, IBJ— 

m^±izmmm^'^^rzityi^^y u T^^ig^asufc 

[0 0 9 8] mpLf/t. i77.mmmm.^R 
n ^r^)vmT F T 3 0 2 immmi-^^m 
mt-^->7 hU'v'x^, ^mm\B]^. m^^mm^. v 
n-j-yrfs~E(niWm^'^\zm.'Lx\,^^. gp 

tStg*^'^^3^-r, 4^1- UT («T) «i^!l]1--5;^f^*?- 

[0 0 9 9] fib, ie^sirjt;i;T^^^;i^^«^<&j* 
)m!imm.t(Dm\zm;$.-r^zt^-^mx&^o 

[0 10 0] mtz. n5^v^;UMTFT3 0 3tt*:-> h 
U>i^S^ (h^>7.7T^*- htfeVi^) (rigUTVi 

mtL. i'bizLonmm.t:Mi$.t^^txm.:tymm 



18 0° ^*3^yta6, ME^^^^'blcM^ctia-xi;^^ 
[0 10 1] ^y^c, n5^^:^^;i'aTFT3 0 4tt®:t7 

mmmi^^mmi^fzmm^L ■y->7'u>^iiii^cjiLT 

ovffi^^ieE-tir-r. LoffM«i^:7-fe-y hffil^^ffig 
(1^© L D DM«J; 0 fe^a^viSSCD L D D^t^Sr Iflf f 

ir, nS?FM*M^ (a) 2 2 l«^7«Mffl^{£MT 

[0 10 2] ^fz. ^y^)l'A3'-'7 timtzMi^Xn^ 
-\'^;1/®TFT3 0 2CDLov^,iK2 0 7C0S$ (iti) « 
0. 3~3. 0 Aim, Y-tSWl'tSO. 5~1. S/zmi 

^2 1 la, 2 1 2a«)S$ (ifi) HO. 3~3. 0 At 
m, Y-^Wl'ttO, 5~1. 5 Aim, Ij)ff^«;2 1 1 
b, 2 1 2bC0S$ (ifS) lai. 0~3. 5 Atm. 
ICHl. 5~2. 0 Minfrnt^^Vi. ^fc, iS^TF 
T 3 0 4iC|S:tte>tl§Loff0,«2 1 7-2 2 0coS$ 
(ipS) «0. 5-3. 5Atm, <^miZlit2. 0-2. 
5 Aimi-r^a«.S:V\ 

[0 10 3] p5^-\'^;i'®TFT3 0 ittse 

S-g- (•fe;i'7T7-i'» n^^'^)vmT 

FT 3 0 2-3 0 4til#@SS-& (y >-tr;P775-l' 
[0 10 4] Sfc, *||Jte^»JTtt^^Sro|^««:iL 

'^"^tt^m^Mi^L-r^rzib iz-^-mriummmo^^mmm 
iu^T F T±izm0X-^ti^mmm^^mmm(D-yj(Dm 

[0 10 5] ;*5:43. *^HjH;$;|gJiS^?ij(-^L}t^Jt^a 

K¥ 9- 3 1 6 5 6 7 -^idJS, 9- 2 7 3 4 

4 4^ailS^/i«#ia¥ 1 0-2 54 0 9 7^tHg|ICfE 
tt $ nfc«jg (Z)ffij#^fi V i § d i T ^ ^ , 
[0 10 6] C:CT:Ti7T-'i'7*-7hU^7.»IS*''e, T 

BJ-r^. 12 5{OT^t-j;5{C. 114 (B) C0tt^CDS«l3 
iElfiJMS 0 1 $rJi^fiS;-r^, ^HM^lTttEl^Mi: 
LT^'J-rS KM^fflV^^. Sfc, *ff6]*1£ 5 0 2 tC 
«, S0Jii«]^-O^e?5:.5^ffil«ffi5 0 3 i:, EfS]M5 0 
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[0 10 7] :^\z, BEffillK^rfl^fifcL-fcf^. ^b->^^fflS 

cDPsKcMias 0 S^i^AL-, t^ih^iJ (m^-B-f) 

[0 1 0 8] ;(>s:ic, ci«Ti'T--<y-7hU^xsms 

0 l±(Cj]^fiX$nfc, li^SRB 0 1 
(^'-h) M^IESlIlIi^S 0 2<i:. ®^ (V- 
X) fg^lBilllHlgSB 0 3T«^SnSo ®^g|5(^M^T 
FT3 0 4lJn5^-^^=^;i'aTFT-ea6l9, n'31\zM0ri^ 

^a«^SE»iii]!^ 8 0 2 i, mm.'^^wmm^^ o 

3 (i-S-n^'ny- VWM. 12 8 i V— 1 5 4Tiii 
*SI?8 0 IfC^iS^nTV^-g.. -^tz. FPC8 0 4;^^*S 
m^ntzMf- 8 0 5 8 0 6,8 

CO 1 0 9] ^(C. 118 (C3^UfcTi7^^'7'-7hiJ^y^ 
[|g9)lllg&9 0 1. ^^ft^HEaiHlJ^ (A) 9 0 7,^^ 

m^mm^ (b) 911, :/'J5^^->>[ei^9 1 2. 

ltgi»)[Hli^lC«ilf*ffi^Ma[HlJ^9 0 l*3j;(^S:«« 

[0 110] mm.m^mmm^^ ^ 1 ->7 hi/i^^. 

^ 9 0 2. u^;>->:7:^ 9 0 3, ;N*-;/:7r 9 0 4s +h> 
^U>^[HlS&9 0 5^«x.TV>^o ^Sfi^lEiii 

lEl!^ (A) 9 0 7«, hPi^X^' 9 0 8, l/^;i-> 
9 0 9. /N'-y 7 7- 9 1 0*«;^TVi-5. ^Sft^lE 

i/jiu^ (B) 9 1 \^nmsmjs.x-$>^, 

[0 111] Z.Z.Xi/-7 h^>'X^9 0 2, 9 0 8 ttlE 
mnm/^ 3 . 5 ~ 1 6 V (-f-^WlCtt 5 VXti 1 0 V) 

^;1'STFT«I1I4 (B) C0 3 0 2T5^$n^«ii^'ji 

[0 1 1 2] i;^c, l/'^;i'->7^' 9 0 3, 9 0 9, A*-;/ 
77 9 0 4, 9 1 0«, IKttttJEtSl 4~ 1 6 Vi:ffi< 
;^cE.5;^^, ->7 hI/>^X^iPHS{C, 114 (B) CDn5^^ 
^;i^^TFT 3 0 2Sr-&trCMOSlH]E^;^)^*®LTVi^. 



[0 113] ifc. •y->:/u>i^[^9 0 5«igs))mffi 

*n 4 ~ 1 6 VT*^;^n V-XM^i K U-f >^.J|^;0^ 

4 (B) «n^^^;USTFT 3 0 3 ^-^tfCMOSH 
i^;?)^*iiSbTVi-5, fi*3, 0 4 (B) T«n5^r^;i'ST 

FTL/;6^05^$nTVi;'j:v^75^, Hi^ic+J- y^m^ 

SrJ^^r ^Bf « n ^-V T F T t p 5^-^ T F 

if* 

[0 114] Sfc, H*g|5 9 0 6 ttlEi»l«JE;On 4~1 
6VT*D, •y->7'U>i7'[iIS^9 0 5 J^lpfc^btC-fSV^ 

iSi-rsc:.h;O^M^U<, 04 (B) (7)n5^-\'^;i/MT 
FT 3 0 4^M^TFTiUTfflV^-5C:<i:A?M^ 

[0 115] im%mzia\^x9L^:k^-timmt. mm 

T F T® L D Dffi^.i:?"-^' ^;Wg^^®<i: orBli:^7-fe 

SrfflV^TlJiBJ-r^o 0 7tt, 03 (C) roiSST^M 

[0116] *|^iiE^Jc7)r'^MlSTiii*T F T ^{-^S U 
07f-iK-ri^)tC, 5=-^^;l^^Mi^2 14<i: 
nffi:=F,Mtlffiit (c) L DD«J^2 2 0 (^fdtt 

2 1 9) t(DmiZ7i-y-ty hffi^7 0 1 (Sfctt? 0 
2) /O^T^feT-g). ClW^t^ir^y K^.^7 0 lOfi^ti. 

«y-hE^«Mlg(;:J^^$nTVi^SI55i>«MJ?) «c— 

[0 1 1 7] ifiL, U>^^Jp-r^l^colHlOji^iCj;o 
T:t7-fe-y h«^7 0 1 ^ >;/ 7lK 1 4 2 

mjzio%^<fsi^z.ti,tmo^x%fsi^\ 
[0 118] ^m^mxit. z.<n^z>^iv v^^i 0 

1, 7 0 2«S$;0^O~2 0 0 nm (5fSL<tt2 0~ 
lOOnm, $e.fC$fSL.<«3 0~7 0 nm) ft 
^, :iCDfi$«4^-\'-y7^1 4 2raMJ?^l@gi5T^C:i 

[0 119] ClC0j::^(C*JS^BJT«, ia^TFT(c5ct 

T l/i -S fcfe , ^ 7«M( ?:@i*Tffi.V (CT ^ CI i 

'^tlxSi^, iP^, Hi/'f >W««;E;On 4 

V, -Jr'- i^^^;^?- 1 7 . 5 Vili-s-rciolCTFTyi^ 
^±(c:^7l:^^(;:$,-5.B#, 5 p AU/,T (»Sb< « i d 

[0 12 0] 75:43, *llSfi^iJO«^«. 0i~4(;:*b 

fcXS (Ctif o T T F T ^{'^mt ^Z.L\Z^-dX^^\Z% 

Tjii. ^(r>mz%m^^mm^, r^^Kiai^, D/An 

>/\-:$'[e]^, -^^Ty-im^. tWjEIeI^, ^^.tctt 
x''ri'D7'o-fe>y-!t[51S^;^ti:(73«^MSIiI!^ (ftSlElE^ 
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[0 12 1] c:roj:5tr*5?sj«, |wi-««±(cM^g|5 
CO 1 2 2] ^fz. ^mMm<DWi2 (B) STCDXSS: 

K -> u n >m*^'}^^!S:$ , d CO ± 5 -> u n > 

]K(c5|-r^f¥ilffl«, *ttiKA(3.i§#^¥ 10-044 
6 5 9^. 1 0- 1 5 2 3 1 6^, 1 0 - 

1 5 2 3 0 s^^rz^mm^ 10-15230 5^®fcti 
s*#fia-rntssv>. eAT, :$.tiimA*m^mzm^rz 

[0 12 3] ±ffimK->'j3>'M«, M^wic^na 

[0 12 4] STt. «^^iIiIiff5Lt/X-y^;^^ (XiS) 

=bOC0E[Bl®t LT {110} ®^*-r-g.ili:$rai§T 
;i©B#, «^SIlIJffT^tff^fTA« {1 10} M 

[0 12 5] Sfc, e^cr)^^;^,*SS;0?gLT3g^i^-r^S 

B^s#* H R - T E M m^mmMmm^m^m) 
i,zj:.Dm.mr^t. ^^^m^izio\,^Tm^^^^zmm^ 

^mmzi5\^^xmM.m tvj ^ztt^<i^^ izm 

[0 12 6] f3iii, ^^mmz^n^B^^'f-(Dmk'it 

^.^iJcSHT^. ^BMmm\z^n^w-mim.^<D^m 

tJ, rcharacterlzat ion of High-Efficiency Cast-Si 
Solar Cell Wafers by MBlCMeasurement ; Ryuichi Shi 
mokawa and Yutaka Hayashi , Japanese Journal ofAppl 
ied Physics vol.27 , No. 5, pp. 751-758 , 1988J iZniWL 
^tlfz rpianar boundary j TS>-5« 

[0 12 7] ±aEfi3ticj;ti«. ^wi^mmzmx^m 
s„ z(D^^mmmtmm.m\zyFm'!t-::$>^t\^^^!i^m 
mm-r^hyyytLxmmvfji^^rzi^, m^^^iz^^ 

[0 12 8] m\zm^m (B^m\zmm.rm) <ivi 



o> mx'&^m^, {211} M^mmti. 3 

mMttJi^/-^y }^-^X& <0 , Sffl^VJs$ 
[0 12 9] ^l^(;*^»J«SaKx'Jzi>M^I¥M 

tcTEM^fflViTi^-rn«, m^m^(D?hE (90% 

{j;±, AS6<](C(^9 5%liA±) ;^)^2 3co*fJt;Kt^, AM 
Wfcti {2 11} ?X^JM^TSSd<h;^(^**<JS. 

[0 13 0] =i'D(DU^m(Dm\zMi$.-^tirzm^m.mz 

*3iiT, ii^:^<DigB^cDM::^^5*^* {i i 0} -es,^«-&. 

{111} wizMjB't^^'f'mm^-r^^et'r^t, 

9=70.5° ©s#icz 3 0>c^/^«i^i;^.g>c:<h;^v*^e>nT 

Ti§iij^-rs^B^^^ico#*&^M75?s$(cm 5° ®:ftaT 

mM LT*5 0 . ^W**^ b C: <73SB%^ai?-« 2 3 (DMlt^m 
[0131] 61 = 38. 9 ° «B#(;:«Z 9 

[0 13 2] c:®^^;?i£ijigB^«jg ^iEmizimmm^<Dm 
mmr^hy y z^mL^^'^\zi'^r)\z<\,mi$.iLfs.-DX 

[0 13 3] 8 0 0~ 1 1 5 OriVi-SiS 

v^ja^Tw^Msxg mmm nzisn^m^^tJimiz 

Lx^/^^z. t-^^T Eum&izji^xmm-^tix^^^. z. 
z. (Dmmmj:m.(Dmmxxmm^±im \z{m.^tix 

[0 13 4] :L(Dxmw(^mtm^7,\^>i^m^m ei 

ectron Spin Resonance : ESR) t3=toTXbf>^S 

(DSitfsir^xmti^. mxx-ii;^mmm(DB^n -> u ^ 

>W07. tf >^StJ4>7S < i 5 X lOl 7spins/cni3iJ^T 
(if ib<« 3xi0l7spins/cm3u^T) -efe-5:ii;0m 

^tn'&mzm^cDx, mm(D:x\d>ms.\t^^\zm^t 

[0 13 5] U±<Dm-/3^ibs *ll»iCD;gB^K->U3> 

mim^nL{^(Dxmmmz(i>f£< , 

[0136] 2 ] :^mmmxit, ^mm i tcs 
Lfzm^^m-r^mm^(Dmi$.\z^^^xm i o ^m^^x 

cD-mmizmsL, mmmlX'm^^rzm^^'t(r>^^^\ 

[0 1 3 7] m 1 0 (A) ttsi4ji, y-hE^, V- 



MI2IT35^. 010 (A) IZ^SV^T. 2 8 

1 1 4<i:3SMbTVi-5. Sfc. El^ttLTV>7iVi - 

M^M#i«« (c) -(rr£^LD{{mm.^mi^^trc\^^ 

Sfe, 10 0 1 «y-:x.Ei8S 1 5 4 iiSttS 1 1 4 
i0n>3'i:7 hg|5, 1 0 0 2«KI/'r >E,*S1 5 7 
ttg 1 1 4<i:«3>^'^ hgRT^.'S. 
[0 13 8] Sfc. El 1 0 (B) fr*5V^T. a^TFT 

4 (B) WKM^^ti^l 6 l^Jg-T) *^'Ji^fi^$nfc:3^^ 
Ml 6 Oi, #iS^ri:(c:IS:tj-e)nsi®^«^l 6 2, 
1 6 3/&^'}g^$nTVi^, -S-LT, K^l 6 0iiS^ 

m 1 6 4d^'jgfi£$n§. fs:^. 1 0 0 3 h' i/-r >i2M 
[0 13 9] :^mMm-citummm(Dmn<^ti'Xttm 

[0140] mmm s ] ^mmmxit. mm^wmi^ 

oiiTnii i^m\'^xm.mr^. rj:io. mmmi. 2x 
mm i^tzmm^ommtity- hsm<D~^mmf3:^ 
tz^x^xm-mmx^^. m.^x. m-<Dm^\zm\. 

[ 0 1 4 1 ] 1 1 (A) \-t^mMm<Dmm^i<Dmmm 

110 1*. lil#ffiMl 10 2, :lg2#«Ml 10 3 

ii^xmzmnmi i o A^mmi^xM^-r^mzf^Wi 
t^h^, m-fe. :^i#«Mi 1 0 2<hi^2S«Mi 1 0 
3 txw,mmM 110 4 *j*^^c«ift*<hs. 
[0142] i^mim\x\t.w. 1 mmm 1 1 o 2 i lts 

<t^'>3';HK. :^2#«Ml 1 0 3<J:LT^>i5';i'M. 
|g33S«Ml 1 0 4<i:UT7;^5n'^7^*^fi£^^:-r^ 

i^i^±(C^lS«J^l 10 2*J^SKU, ^«±(cm3 
»«Mi 1 OA^^f&r^. ^bx. :^3S«Mi 1 0 

4€r^rafl^^;^[CA^^-->ybT, ^C0Ji*^2#« 
Ml 1 0 3T«-5o Z.<D'^. ^immWil 1 0 2<i:^2 
#«i^l 1 0 3 i:5:-MTX^>5">i/LT|gI 1 1 (A) 

[0 14 3] -^-UT, C:©B#C0±ME1«I11 1 (B) \Z 



1 1 0 5a. 1 1 0 5b (^n^*ni212 (E) O^'- hlE 
SSl28a. 128b(Cffl^-rS) «^ 1 2 

«M«WB«jg-e?S:§. -ii. vum 110 1 

- VWm. 1 1 0 5a, 110 5bj;D fcEMi|'i*^':*:<, fi 
•=>. Ell 1 (A) (c^1-J:57^cHB«j£TJg^$n^o 

ip-^, f-vwMo^^x^M.\zwm^ii\^xm\'^^m9{\t 

[0 14 4] Sfc. IIM^JlWiasic^L;^^^^^^-^ 7' 

fim-^!igi)3iiiK 8 0 2^mm.m^wmm^8 o 3 ^cd^s: 

<mmm. 8 0 6. 8 0 7 (S. *^i£^JTIK0a Ufc J: 5 

u-EMmm.<JiW&^m^^^^^x'&m.<Dmm{\L^m.^ 

[0 14 5] 1^^. 011 (B) (C^bfc«ji«, HJI 

1 t.i^nmmxmwi\^Tzwmm.<n>w^miikt.^m.^ 

[0146] [|lM#iJ 4 ] *ll»T«|ISi5^iJ 1 
^«}iOiS3SSI5(C-pl'JT0 1 2*fflViTsJiBJT«'o /=£ 
i5, 3 (C) \ZJr^\^fdmm^tM—m 

[0 14 7] sr. 012 (A) (Dmmt%2mfm.m 
)^ 1 5 9 tjg^ 1 6 0 ii<Dfii\znv-7Tm 1201* 

^mm^tzmx^^, Ayyym 120 1 tLT«, 1 0 
~10 0nm ($f^b<«3 0-5 0 nm) ®MJ?(DS 

m^^tsmmm^m^^^, mb. w,3mmmmmi 5 9 

J^^fflv^i^lli^WSbVio 
[0 14 8] :^mmmxi,t 5 0 n mPcoKftv-- 'J n >M 
$:A*^y7rM 1 2 0 1 ibTffll/i^. CKDA'-y 7tB* 

m-rs;i<tT, ^3grBiMs^ 1 5 9 tmrnm 1 e 0 

ro^^tt^^TSjiT-So 1 (D^-oizm{m 1 6 1 * 

I^Wft^lCioTJl^fifc-r^lS. S«tt*?SV^<i:^3B 
rBl^SyS<hiSiclKi:©#® (CM lOjAtrJ; ^ fc bXl^ffiK 

12 (A) (Dmm.t-r^z.tx^o:)jiofSi^M.'^^m< 

[0 14 9] STt. 012 (B) (Dmmit. S*;ttjfi« 

012 (A) tmmx'&^f)^. ffi^i6o«Ticee 

S-&6<]tCA*-y 7tH 1 2 0 2 €:fl^^t"«.^iJTS^. Z.<D 
fiiSMl 6 O^VT-i^tbT^E^-S-WlC/N'^y^ 
rBC0X-y5=->i^€:fir^i ;ii:T0 1 2 (B) (Dm^^M 

mx't^, 

[0 15 0] X75">i^xe«, ^mmi 6 O^^^i&b 

fcii:f*{c^^oTfc^i/^b. ^fb:#ji 6 i^^ii^vrzmx 

ffoTfe^Vi. <Bb. /N*-y7rBl 2 0 2(DUUtm<t 
#5 1 6 l«)M!|S^;^?HU;x-y5^■\'>hTX•y^>^^'$nT 



[0 15 1] ^fc, lai 2 (B) rolfjfift^^iT^ 

12 (B) (7)«j£coJ;-5 11^463 >^'^ 

[0 15 2] Sfc, ^12 (C) ffi^l 6 

0, mitmi 6 1 *®^K^/t^*T*gS^T;^^7.<—t^ 
— 1203a~120 3d$:}i^^ifcL. ^CO^TBi^ttMl 

2 0 4 ^j^^i^-r^^sj^^-r, x'^— y-- 1 2 o a~ i 

[0 15 3] El 1 2 (C) C0j;^;5:1ij£i-r-5C:<tT, 

[0 15 4] is.^. i^wm<Dmmt.. mmm 1 (Dvm 

^. IIM^SiJ 1-3 C^LfcV^-rn©«^!^i: fees 

[0155] [njffi^ij 5 ] mmm^mm \zWl it e. n-s 

[0 15 6] ^;iT*|IMPTf«fflK2:nt>1|filC 

H^-r^«-&«^M;^*(;:^v^TE 1 3 ^m^^xumt 
^. 7i*3, a*ifit«ig4 (B) xmrnLtzmm^^tm 
mx$>^ffix\ m-^mizimun^>&^^^xmM-r 

[0 15 7] HI 3 (A) tC^V^T. 3 0 4tt||»Jl 
i:|5l«(rL.Tf^Sl$nfcil^TFT ( n g^-^^^PMT F 
T) 0 , 16 0 ««J#^«cr)-:^CD«ffi<i: UTtSti 

Q utms mrsmmm 159, /ty y^-^a >m 1 5 

8\zm-f^tltia>^i; h4^-;H 3 0 2^:^^L.T3t 

>miiL^-^^^mw.^mm 1303 i^MLxv^-g.. c 
ro«5g«iii&«R 1 3 0 3 itv-:xEm^rz\t Kiz-r >e« 

[0 15 8] z.<D^oi.zmm^o:>mi\zio\^^x. mmm: 
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13 0 1 tzl^>mi<L^^^^mwJ^^^^m. 1 3 0 3 
mm.mzmm'r^:ihx, mmm 1 s 0 ^=i=Eyn.mz 
u^-r^z.t-^^x^^, ^^^x. z.<Dm-^\zi,tmmmi 
3 0 i^Mi$.t^mizf^3mm!^mi. 5 9. /-^yi^^ 

[0 15 9] 'AiZ. mi 3 (B) fC^JViX. 3 0 

jE^j 1 <h[5i«tc Lxi^m^ntzmmTF tx& 0 , 16 
0 it^^m<D-^<Dm.mt Lxm^^-r^m»mx$> 

^. iii«g|5<^^1-i!I*T®^EL.fcJE^ 1 3 0 4«, 13 

0 5 x^-^tL^m.mzi3\^^xmmM 1 3 o e tm<m 1 

3 0 7 ^:^^bTS;^=E-&= 1 3 0 6{Jil*«@ 

1 6 2tmm\zm^-^n^o 

[0 16 0] -euT, ciro^iiMi 3 o e^tmsmmm. 

1 3 0 8 ^lfi-LX:2^>miiL^-^^^9. 
Si'^mi 3 0 9ijgMLTViS, z:«B#, M«l 3 0 
5 Tiijgicit 1 3 0 4, 1 3 0 7, »«M 1 3 0 

tz±ummm<D'^smm<D i o^ss) ««i 3 

0 5 xMi$.-^tirzmm.^-^\z^-:^x&mm 1 3 0 4Rt>' 

1 6 0®m^i))*{£M-r^Cl<h*5T^^o 

[0 16 1] sfc, mi 3 (B) (Dmm.^mmr^bm'^ 

^fttiimmm 1 e 0 izmm-^ti^n^m^mii-^ut 
WT, ^^Ltz^^m^Mi$.-r^^t-fy^xt^o 

[0 16 2] Z.(DJ:oliZmi 3 (B) OT^tifi^^Sffl-T-S 

:Ltx\ xm^^m^r:itti<mmm^^'e>m&z 

[0 16 3] ;5:*5, :^mmm<Dm!$.\t. mmmKDim 

sttiijs^jiiR^wxsT^i/^. i£oT. mmmuz 
^Lrz7!77-4 zf-r\-u^:xmm^m.^&mi,zmm-r^ 
ciife^tiT^^. mn&mi'-siZTjkbrz^^-rti 

(DMl^t fe e a C i ^i^oltgTS. -5, 

[0164] [^M^^j 6 ] mmm 1 t^^sh -> u n > 
V 5' u >if-r^m^^ Lfzf}^. :i^mMmx\tm(D7tm>§: 

[0 16 5] ST. HM^J 1 COIg (H 1 (B) <DXg 
T«SSK->'Ja>M) fib, *^M^ms^ 



(16) 



#^¥12-340798 



nfcss^M -> 'J a >M (c-g- sns :r ^;mm-i. 1 

X 1 0 17~ 1 X 1 0 19atoms/cin3 ({-^WtcttS x l 0 
17~ 1X10 l8atoins/cni3) iTjcS. 
[0 16 6] ^L-T, M^K->Uz3>M*J^fiXL.fc:6, 

^if'Tl^M.a^rff^i. ©a«8 00~I150t: (M^ 

L.<«9 0 0- 1 0 0 or) it, iiaaBtrBitti o^i-~ 
4B#m Of?s L<«3 o:«'~2Btw) t-r-s. 
CO 1 6 7] *iiM^»J-e«, m«^ia^4^f'jtti>T3~ 
1 Q{m%<nm<[y!<.m^^^'&rznm^tpizis\,^T. 9 

5 O^CS 0:?i-©^MS*ff5. c:®XS{C<i;0^ftK-> 
[0168] ;i 5 LTji^fi^s tifci^B^K -> U 3 >K4' ir 

(C^i¥-r^->yir;i'Cr)©S«> 1X10 17atms/cm3u; 
T, 0SU<ai X 1 0 16atins/cni3t75:-5, Z:c0ii:«, 
H^S^-iJllCfi^oTgll (D) ti.|S5«Xg^5lJifi-rn«^ 

[0 16 9] *IIM^siJ««fiS;(illil#ii i ^zMMr 

[0 17 0] immmi] *i^si^jT«, hm^m^^m 

m. (c) cDJ^fi5t;^^fcMLT, HM^sjl tS^SXS^ 

[0 17 1] ^-r> njsfijiwistcfieoTias (b) 

iJcfC. kv'X hV7>i7 1 3 2~ 1 3 4^ 

^-yT^l 4 2<73MJ?5r2 0 nmit"^. 
[0 1 7 2] 0. 8~ 1 ian(73lP$lc¥^M 

(El^i±r) m^^X.y^y^^'tT^Z.t\Z 
ct F'^*— ;H 4 0 la, 1 4 0 lb4}gfi^-r-5= 
■?-L.T. dCtt^-CSS (C) i:l^«{rnM^|i£!^7C^ 
n^^FMtlffi^ (c) 140^. 1 4 0 2b 

^B^-t^, c:tDB#, ■y-'f H'::;^)— ;n 4 0 la, i4 

0 IbfeVX^iLTfeSt^T-SW-T, :t7-fe-yhM^l 
4 0 3a, 14 0 ShAmii^^ti^o 
[0 17 3] :$.mMm-V\t, :ty-\tv hffit^l 4 0 3 
a, 1 4 0 3b«S$ (in) ifi. ■y-'f K-^^t- ;H 4 0 1 
a, 1 4 0 Ibi^r-yT^l 4 2COMJ5(CJ;-:3T)9i^$ 



*7-fe>y 1 0 0~2 0 0 nmiVi 

0 ;t J; ^ (cS J?) (cj^^ b V i«^(c*^M#Jt»^T* 
-g>« 

[0174] ^JE^JiJ 1 -e{S=l^^ >y 1 4 2 (DBM 
•ir >y hM^rofi^^O^'i^S^n-STj^*, 100~200nm 

MfDMiic (c) \t^-hwmmii^^vzfmiL<nmmm 
y h ^±m\z^^y^^x u s 5 . 

[0 1 7 5] iSet^T, **M#'iJ«j;-5;^«fi^<t-r^t, 

:t7-tl-y hM^l 4 0 3a. 1 4 0 3b(Dfi$(i|IHS<)C 
•y-'T F'J':t-;H 4 0 la, 1 4 0 IbTi^SO, ^r- h 

mmm(DmmiLmmm:\zik^^z.t.t^x^^. /^^fe, * 

H^J-eti-tt-f H'^*-;U 1 4 0 la, 14 0 Ih^MfiSL 

-r^mz:3iy^>■;fmRit^m^r^smx^^'y■fm 

1 4 2S:Jg^LTViS*^\ i^NS*^Yitj-n«#B&UT'&A 

[0 17 6] tt^. ^mmm(DmmtmMmi tm^-^ 

Tt. |IM#iJ2~5«Vi-rnro«^iS;<i:^)gfi{cffl.^^-&t)it 

[0 17 7] mMm 8 ] *ig»jT«, mmm i 

[0 17 8] ^jfi^jiTfi, pM^m.^m^ (a) (Dm 
bmmmti^i'rzT.ju- \^-\d>if\z^^T-m9.m^ 

[0 17 9] mi&Ml<DT.miZ^r3Xm2 
(E) ®lSSTjtJ6fcb, y-HEi^l 2 5~1 2 8 

U, SttMl 11-11 4 CO-SR&MtiJ 

:i(Dt^. ^'■-h^m(Dmtm\zm^^rzUi^xh-77.i7 
[0 18 0] :i(Dmt. mmm i tmmizvM^mii^m 

« (a) Ra^'nS:^M«^M« (a) mWAmtS-LX^^^n 
«^v^o fib, ^Mf57t^ro^*^#(iSI»J 1 

D. ir- hi^mm^m-r!i:^wA^-/si\^^(DxmmmEE^is.< 
zfnm:^m.mmm. (a) tc-^^n^:^Mtt)gs*^'i^as 

[0 18 1] 2ts:||»jror-^MXS<&Sffl 




mi<DWi3 (c) fcffi^-r^xsttin 1 5 (a) tcs^-r 

(C;^^. 0 15 (A) (-43ViT. 1 5 0 1 ~ 1 5 0 

5 0 6*Wfi^^n«. tLX. ZL<Dij^mX'm3 (c) <h 
^«(CnM^Mtl7t:^5rm*b. nM:=FMtl«iS (c) 

1 5 0 7~ 1 5 1 CLCDt^, ^^r^^Wi^ 

fiXM^lSll, 1 5 1 2i:nM^M'^«t|? (c) 15 

0 7 ~ 1 5 1 0 tcofflictt^^ y^fmisoe (Dmmiz 

[0 18 2] «-g-ICJ;oT«0 1 5 (B) IC5^T 

J;'5t::. ^-^>y7lKi 5 0 6K)±(r$?)(c|g2:^^vy7° 
JKl 5 1 3;£«PLT> ^waM^^ilUTnM^Mi^ 

m^^ic) 1 5 1 4~1 5 1 7i5'^^;i^^ffi^l 

5 18. \ h ^ms^ 

[0 18 3] HIS (B) COl#^ifeT«. ^2^^->:/^ 

1 5 1 3<Dm»^m%-t^^t.X-^-y-\Lv 
5:gE&{Clif5rs;i<i:;^i^T^S. IB2+^'>::'mi 5 1 

M) Sr^l/J. MP«3 0~2 0 0 nm «f^L<tt5 0 
~1 5 0 nm) t.-tn\t%}j^. 

[0 18 4] imim\X\-X^\v-fm. i'^l^^Vf 
M) 1 5 0 eiUTg-ftv-Un^M&fflV^TV^S*^*, ^ 

^(Di:.ofm\-zM\'^ (B) tc3^U;t«^^S: 

[0 18 5] fs.^. i^%m.m<r>mm-mm.m i 

n«^:K^tgT D . |gS£#iJ 1 {C^ L fc 7 i7 7^ ^ y V h 

i^MM 2 ~ 7 ® vi-rncD«j^gi @ a cm*-&?5-a--5 ci 

[0186] [HJffi^J 9 ] *|^»jTtt, HM^J 1 

[0 18 7] s-r, ll^s^JlK)xs^c^^e■s.Tl2 2 (e) 
^^rvzfm i^-mm\x\%m\:m\L'y u :3 >m) i e o 

1 $:3 0 nmClPSCfl^^T-g). -^-LT, El 3 (C) <h 
(c) 1602~1603 ^fl^^TSo (® 1 

6 (A) ) 

[0 18 8] ^K\Z.. y'-hEM$:V;:^i7<i:LTg5S-& 



^fjBVl 2-340798 

f- vmmm. i e o 5 ~ i e o 9 ^rjgit-r-g.. ;(^{ci/>? 

Xh-77.i^ 1 6 1 O^Bfi^L, H3 (A) ilSHtiCDM 
^M%7t^®1^JPlS?:fToT, pSTMtlM^ (a) 
16 11. 16 1 2 ^Ji^^SlT-S. m 16 (B) ) 
[0 1 8 9] -MX.. UzyT. hVXi^ l 6 1 0$:[^Sb> 
^fctCkv'X hVX^ 1 6 1 3~ 1 6 1 6 SrJg^-rS. 

^LT. 0 3 (B) tmm\znmi^mm7im<Dm)]uxm 

^ff oT. nM^M^^ffi^ (a) 1617-1623$: 
Jgfi^-r-S). (Hi 6 (C) ) 
[0 19 0] M.iZUi^7.h^7.i7 1613-1616* 

I^^L, :S iB^1,1ie»M 1 6 2 4 ^r^ii^-r^o *IISE^J 
T«5 0 nmiP«^ft:->U3i>Mt 2 0 0 nmJ?<73Sft 
^Yt -> U 33 >K t ««J1M *ffi V > S #B«i£ (CIS b 

Tabs. 

[0191] ^tc, m 1 BKieam 1 6 2 4 ^Ji^fiKb^c 
#iJT«8 0 Ot: lBfPa1CD:7 7'-^;^7--;UcJ;oTS 

ttYt^ff^o (mi 6 (D) ) 

[0 19 2] &.±(DJ:vf£{^^TMiZ^':>T. Ti;J-^ 
f}^X^^, f£^. Wm\\\Zm\^tzT^7-^-y-^V^)^ 

(114 (B) ) b.w&mzms.^Mst.'f-vmm. 
[0 19 3] i^-mkm(Dmmmikm\<Dm^m 

^iS#iJ2-8rovi-rno«^,i:fegE&(;:ffl.^-&t) 

[0194] [njfi^sj 1 0 ] %m.m 1 \z7h L^tzi'miM 

COK^iJtS L fr^M \Z=J-\-^)V F- T'lg ^fi' 5 ;i i fe^ 

s. 

[0 19 5] ^fc. «-&{-ioTtt^®fC5^-v^;H-'- 

[0 19 6] i^j^j, i^'m&m(r>mm%. ■mm2-~<d\z 

[0197] \mm\ 1 1 ] HM^J 1 \Zm Litl'^^XS 
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« (b) ^r^l&-t^Z.tf]mmtU-oX^^^. ^LT. 
pS^,lSE%^tS (a) , nm^mmM (c) 

[0 1 9 8] LA^Lti:^'i^. :^mmm^&'^^^rzii>iz 
{tmM&jfs.mj&-^m4 (b) (n^otAmmt-fsi^x^^^ti 

(a) -?=nM^M#)«« (c) V~J7.h^7.^^m 

(B) tr^bfci^tc, ^mmzj^s\Lx^t£.^m^<DiB 
'^m^^-t^T¥Ti:iW^^^ti^<Dx&mt. s>e>i0^ 

[0 19 93 [mmm 1 2] ^|s:|im^ijt«, *%bj^-> 

[0 2 0 0] i^mnm^t. nMm 1 (c43V5T->un>a 
Ttm ^ma bT L D DM®, V -xM,i^^;fc« H ^-r > 

[0 2 0 1] fs.^. :^mMm<r)mmtmi^m 1 ~ 1 1 ® 

[0 2 0 2] 1 3 ] HJSfiJ 1 Ttt, IflvM®^ 

p^r^)vmTFTiznvx^mm(Dzti}^ 

[0 2 0 3] IP^, 9^r^;i'fi*^'2 mSlTtU^tm 

^^^)v<tm-fym&<tr^i^vizu^rzi!^. m-^\zj^-o 

T« p 5" ^ T F T LovMt^ SriEgf 

*^fflT<^« c:cDJ;5(C. *:%0J(C*5l.iTp5'^^;i'M 
TFTttHM^iJl. 4~3 UC^Lfc^igfClS^Stl^ 
h(DX'\tti<. n^^:^)mTFTtm-mm.X^-DX 

[0 2 0 4] tiio. ^mmm^mmr^m'^it, mmm 
1 <Dmmz^\,^x nM^m^mm (b) coMfi^tmuj:. 

pM^Mt)7C^/0^2 X 1 0 16~5 X 1 0 >9atoms/ 
fz. *ll»J®«fig«IIJS^iJ 2 ~ 1 3 roVi-rnroS^i: 
[0 2 0 5] mmmi 4] ^mMlit^(DUOSFE 

T±izmm^^&mM^^^^L, ^«±(cTFT^jg^-r-5 



SIMOX, Smart-Cut SOITECaoS^^ 

. ELTRAN y yws^^ttffi^mm'^) 
[0 2 0 6] rjiid, ^mmm<Dmi^it. mmm 1-12 
•5.0 

[0 2 0 7] [^»J 1 5 ] ^^BJJcioT^-^^Snfc 

^. -^^J^O-fSiUnti^X. TNMS, PDLC (:1^'J 
^-^ffM^Kft) . FLC (^fil^mMs^) , AFLC 
, S;tHFLCtAFLC®ig-&#) 

[0 2 0 8] ^J^tS. IH. Furueet al. ;Charakterist i 
cs and Drivng Scheme of Polymer-Stabilized Monosta 
ble FLCD Exhibiting Fast Response Time and High Co 
ntrast Ratio with Gray-Scale Capabi 1 i ty, SID, 199 
8J . TT. Yoshida et al. ;A Full-Color Thresholdless 

Ant i ferroelectric LCD Exhibiting Wide Viewing Ang 
le with Fast Response Time, 841, SID97DIGEST, 199 
7j . rs. Inui et al. ;Thresholdless ant i ferroelectr 
icity in liquid crystals and its application to di 
splays, 671-673, J. Mater. Chem. 6(4), 1996 j , ^fzitS^ 

BUtf^iBs, 594. 569mzm^-^tifz$tn^m^^^^tf}^ 
[0 2 0 9] mz. mmizMi^xmrnm^^mmmzm^t 

W.^ (Thresholdless Anti ferroelectric LCD : TL- 
A F L C iB&rei"^) iZitV-^m (*fc«U^M) (DM 

2. 5Vm& (±)mm I u 1X1-^2 urn) COt)(73fe^tii 

m&xmtsm-^A^$>y). mmm^iimm§&^mcv.m.m. 
Bxmf^^'ft^mmt^^m^nxi^^. mt>. m^s 

(Dim^mti^t^m^^tfi^x-^^, 
[0 2 10] ^fz. mmmtm^^R^mnmi^m^itT 
Nm^ iztt^X!t^'§-^f)m\'^ i 5 f ij.^ ^ -p, 

0J T-ffl V 5 ^ J; 5 T F T {zWj^'^mm. V ^ T F T 

m■^<rim■^^^-'rt\z^ii^\^fzm•m-mm&(nm^m.^ 
s^se ^%^-t^z.t.imm.x-^^, 
[0 2 11] sfc, -mz. m\.^\>mKm%m.iim.-^ 

\zm\'^^i^\z\t. mm\z\mm±^fiummmt^>iL-^m 
ttt-ox<^. ^-ox. '^^i^mm-^-^fm.\^^\^M\kK 

^X'^mmi<Dm2 (o T^bfc^^*«/jN$v>M 
mxiz^ti^m^^m.r^z.tf)^x''^^(Dxn^\^\'^> 

[0 2 12] iz^. *l^»|J©M^s^^ss/■^-v:^ 
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ffl V5 i ^ i « a 5 ST 

CO 2 1 3] ^Tz. ^mMm<Dmmt. hm^j i~ 1 4 

[0214] 6] ^j^^BHlS^^T--^ >^Vh 

U^;^MEL (xu^ hn;i'5^-y-fe:>;^) 

'f (7i75^^'yvhUi:7 7,MEL^S^S«i:t)i/^'5) 

[0 2 15] 01 7f,t^m:MM(D7i7y'^-/-^h'J^7. 

^, S;^c> S^«^8 lCD=&ia^(i, 7.'r-y5">^MT 
FT 8 4, =l>7^>-9-8 5, T F T 8 6 , E 

L^?8 7^*-L, X-f ■y^>yffiTFT8 4('X;^[S] 
(V-X«^^) 8 8a ($fca8 8b) , Y:^f^ 
m^M (y-hft^^) 8 9a (SfcfJS 9b, 8 9c) 

^mm-^n^, sfe« ■a?^E$ir#^TFT8 6(c«. n® 

iK9 Oa. 9 0b;*^jgM$ns, 
[0 2 16] 2(s:j^»JCDT^T-i'7'ThUi7XSELx 

^xT'iz-i'Ttt. x:fjmpm^^s 2RifY:ijiS]mm\Bi 

8^8 3^1214 (B) COp5^^:^;i^MTFT3 0 iMlKfC 
n5^-^'^;i'STFT3 0 2 feL<«3 0 3 
TM^T^. Sfc, X-r^yf^^i'fflTFTS 4(;:«I1I4 
(B) «n5^-\'^;UMTFT3 0 45:fflV\ «?fiffij^ffi 
TFT8 6(C«E14 (B) « D 5"^:1^;i^MT F T 3 0 1 
^fflVi^o ^It. TFT©;ffi.^-&t)'it«c:ni-|S^T'S 

ELx'TT.T'wic^LT, iiM^ji~i srovi-rnra 

[0 2 18] [llSg^SJ 1 7] *SM#-iJT«, *II^HJ^ 

\^tzm\z-D\>^xm.m^^. fs.^^ his (a) \t^m^ 

BJ^ELas^agcoiMHTSiO, iai8 (B) tS^CO 

[0219] El 1 8 (A) (r*3ViT. 4 0 0 1 
4 0 0 2 «il^g|5, 4 0 0 3 «V-Xi!lflBI)]liI5^, 4 0 

^yh) 4 0 0 6 (CUD, ^l-gRSS^-Ntj^i^^n^, 

[0 2 2 0] tl*gR4 0 0 2, V-XfUKft 

(5IS^4 0 0 3S:lZ>'^'-hffi!llg»lI5IJ^4 0 0 4^fflt;J;'5 
(CLTlgl ->-;i'$J4 1 0 1. ;^3/^-M4 1 0 2, 5ici* 

#4 1 0 3sac|g2->-;pW4 1 0 4*^'i9:tte>nTVi 

•2). 

[0 2 2 1] ^tz. 018 (B) «0 1 8 (A) *A- 

A' -mmhfzmmmizw^L. *«4 o o icr)±{cv 

-7«ffl!llE®jtlIJ^4 0 0 3lC-^Sn-§>|gi)lTFT ({SU, 



;i n T F T t p 5^ ^ :?^;i/ST F T ^0 

S^LTVi^. ) 4 2 0 lRt>WS|54 0 0 2(C^Sn.2. 
«W#fflTFT (EL^^'\CO«Si!$:$im-r^TF 

T) 4 2 0 2iimiik-^nx^^^. 

[0 2 2 2] :$.mMmx\t. |gl))TFT4 2 0 1 ('«0 
4 (B) (Dp5^-\'^;i'STFT3 0 1 <hn5^r^;kST 

TFT4 2O2IC«04 (B) « p 5=-^*;kMT F T 3 
0 1 <hraL;«igK)TFT*WV^5ns. S7t, iS^gM 
0 0 2 {C««Sif$iWfflT F T 4 2 0 2 ©y'- hfrj^M^ 

[0 2 2 3] ffi9)TFT4 2 0 lB:a^lS^TFT4 2 0 
2(D±(c(a;ffiIgMJSfT;5:SllWM«M (¥SYtM) 4 3 

0 l-^mi^-^tl. ^WJi{Ci®mTFT4 2 0 2© Kl/'f 
>i:mW{cSM-r^®^ilM (ISM) 4 3 0 2;i?Jg^ 
^ns, i®««S4 3 0 2 iLT«ttWa!cro;^#l^m 

[0 2 2 4] -?-LT. mmmMA 3 0 2(n\c\z.\-mM 

4 3 0 3;i^*®^ifeSn, MMM4 3 0 3 «lS^«ffi4 3 0 
2 (TiiL\zX^utlimiSi.-^tiX^^^. CLroMPS|5(c:*5V> 
T, iii^'BM4 3 0 2©±(C(iEL (xl/i^ hp;i/5^ 
-yfe>X) g4 3 0 4*W^R$n-i)o ELJl4 3 0 4tt 
i^ai WWtS E L #)|S|- S E L #lSf V i ^ d i 

*) (#U-7-3S) mA-b^^^-h^E^i^ 

[0225] ELH430 4 0fl^S^:^*«i^0^«g^ 

;t ft AJB e ft \zw,7).-^t>^x^mm& s 7t «m 

[0226] ELB4304 CO±{r«j£3ttt^^T'5# 

(f^6<](ctt7;u5x'::7A, ^fcb<tt®^^fi^^ 

<i:-r^»mJKSfc«^ne.i:<tfi«t»«jai<73mMM) 
b?5:^iaM4 3 0 h-tmi$.^t\.^. ^fz. mW,4 3 0 5 

1 E LB 4 3 0 4 (D^m\zw^r^yK^'pmmiitmf]m 
mLx^<z.t:bm^L\^\ ttr^x. M^'^xmm^m 
m!m.-r^b\ e ls 4 3 o 4 ^mm^fzi,-i^-^7,m^m 
m.xmi$.L. mm^7m\zmti^^f£^^^^mm4 3 0 

5 ^mi$.-r^t\^^-z>rzi:^t)<!i-^x&^. 7^miM&\x\t 

mm^^^^^ztx±i&(Dji^fs:iSM^'^mfr^, 

[0 2 2 7] ^LXm&4 3 0 5(i4 3 0 STS^Sn^ 
«^{c*5ViTKi^4 0 0 5lcmW(cg,1^$n^, 
4 0 0 5{SISM4 3 0 5 (CfiJfS(^«JE5:4-x.-g./tie)®ie 
,^Tabfp, ^:;^»«tt7^';i/A4 3 0 7 ^:^>LTF PC 

4 0 0 6 (r«^6<](:jgM$n^. 

[0 2 2 8] iy.±roj:c>(cbT> mmnw, (mm) 4 3 




0 2. ELS4 3 0 4S.t>11M4 3 0 5*-'6.;*^EL^ 

^7!)?}^fi^$n^o z.<DELm^it, ig 1 ->-;i/M4 1 0 

IRZSm 1 ->-Jl'M4 1 0 1 fC<j;oT*M4 0 0 1 (Cgfi 
0-&fcSnfc*/N*-*f4 1 0 2-T?IS^n, 3t«*f4 1 0 
3(CJ;t3i*A3?nTVJ-5. 

[0 2 2 9] ;^A'-#4 1 0 2i:L/T«, ^ 

RP (Fiberglass-Reinforced 
Plastics) PVF (Tj^'J t':r;u>';i/:^5'f 

T;1/S-'5'A*:-1';1/«:P VF7^';UA-^V-1'7— 7 
[0 2 3 0] EL^^d^e.«7tCDSi[ft:^[p]*t:*J/N' 

xXT-;i'7^';i/AS;t«7'i7 U;i'7w;i'A(Z)J;'5:/^SBJ 

[0 2 3 1] Sfc, 3fe^#4 103.!: bTfi^^^^SSS^t 
^^|g^Acttf^{t^|g?:fflV^^Cli:;05T^, PVC (/Jf 
Ub'ii;i'i7n5f K) , 7^:7U;k #U-r5h\ X7l?^ 
-»^|g, . U 3 - >;^Sg, P V B U t'x;i.^5^ ^ 
;W ^fettEVA (x5^I/>t'x;i/T-fe5^-N) ^MVi 
^oi^^T^^o ^«3t«#4 1 0 3 CO[*jg|5{C®S14#) 

K (ifSb<«mYt:A*U'::7A) ^t&nris<tELm^ 

[0 2 3 2] Sfc. 3S«#4 1 0 3©cf{C7.'^— y-^-g- 

iE:/7*S?n-r^A*>:;7rBi:bTl^ffi4 3 0 5±{C^tfli 

[0 2 3 3] ^ fc. SEi^ 4 0 0 5 ;i/A 
4 3 0 7*:<MxTFPC4 0 0 6(Ctt^M{C^MSn 

E«i4 0 0 5 «is^si5 4 0 0 2, v-7.mmm\Bi^ 
4 0 0 3soc^*- hmmm\Bim4: 004 t3Me.nsm^ 

$rFPC4 0 0 etce^, FPC4 0 0 6(Cj:0^1-S|5fea 

[0 2 3 4] Sfc, *|^JS0iJTtt|g 1 i^-)VUA 1 0 1 
ra^MSBS-U^'F P C 4 0 0 6 <D—^-^mo^O\ZW, 2 -> 

-;i'M 4 10 4 ^m-y. e L^^^rii/gwc^^^d^ 
mr^mm.tti.-ox\^^, ^^bx^is (b) cds^m 

^iiS^^-r-SELgS^SBtTS:^. ;^*5, *I^JS^»](DE 
LX^^S«II»J1, 3, 6 — 11, 13, 14<DV> 

[0 2 3 5] z.z.xmm^KD-^ ^\znmfsmmmm.^m 

19(C. ±M«jfi€:ia2 0 (A) (C, [5]S^ia^E12 0 
(B) (C^I-. 019, ISI 2 0 (A) SaS^ 20(B) 

V i COTS V 5 V 
[0 2 3 6] HI 9fC*5^iT, »IS4 4 0 lJi(CtS:tte 
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nfc7.'ry9=->i?'ffiTFT4 4 0 2(i04 (B) (Dnf- 
^:^;UMTFT3 0 4Sr^ViTm$n^<. i?£oT. <f 
)fiOiJJBjan5^r^;i/STFT3 0 4 COUJBJ^#ra-rn 
tt^^i, Sfc, 4 4 0 3T5^$n§EM«. 7.'r-y^> 
ifmT F T 4 4 0 2 Kttffi4 4 0 4a. 4 4 0 4b 

[0 2 3 7] fS.i6. *IIM#iJT(S5^i':^;UJg^£ffl®75^- 

[0 2 3 8] Sfc, 7.-f ^y5^>i/fflTFT4 4 0 2cDh* 
l^-r >E^4 4 0 5 «ttSi!$iJtflIfflT F T 4 4 0 6 (D^'- 

$iJWfflTFT4 4 0 6«E14 (B) CD p 5=-\'^;i/MT F 
T3 0 1 $:fflViTJi^fiX;$n-&. li^t^T, «jfiO^0J«p 

g^^:^^;i'MTFT3 0 i<DgiBj^#Bg-rn«^V5, ;^ 

[0 2 3 9] 7.'r-y5^>^fflTFT4 4 0 2S.Z>'«SK*IJ 
tWfflTFT4 4 0 6ro±tC«ll 1 A-vi>^-->3 >M4 
4 0 8;^ti§:tte.n. ^(7)±{C^O^?.;^5¥S{tM4 4 
0 9*^^$n-5. ¥S-ftM4 4 0 9 ^r^V^TTFTt:: 

fiS$nsELB«^«c»v5fces6. ^m^^^r^z.ii 
\z^^x^^-^§^^mz.-^m-^f3^^^. fi!oT, ELS 

-5 tinW-mm C L ^ ^ J; ^ (cum*® 

[0 2 4 0] ^Tt, 4 4 1 0«S?f!S«JK;6^5.;S:-SiSS 
«M (EL^^©I»® T^D, tSif$fJtaffflTFT4 4 

0 6 © Ki^-f >iEiS4 4 1 1 \zmm^\zm^^n^. m 

^«ffi4 4 1 0 i: LTti^rt-f >-:^'i7Ai®l'ft:7.Xi« 

[0 2 4 1] iS^«®4 4 1 Oco±(C{iELJl4 4 12 
imiSL^tl^. tm. la 1 9T?«-iii^Ld-'E15^LTVi 
;^CV^75^', *IIM^?i|T«R (^) , G (g^) , B (») CO 

•5. :^1*e<](C«, IE?L5iAJli:LT2 0 nmJ?©^7^ 
D->7x> (CuPc) W^rSStt, 't(D±\Z^^mtV 
T7 0 nmPCD H'jX-8 -4^7 U 7 7 h7;i/5X'^A 
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